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Identification of Biochemically Distinct Properties of the Sumo
Conjugation Pathway in Plasmodium Falciparum
Katherine Reiter, Jurgen Bosch, Michael J. Matunis.
BMB, Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, USA.
Malaria affects millions of people worldwide, despite ongoing efforts in anti-
malarial drug treatment, insecticide spraying and behavioral adaptations.
Resistance to first-line anti-malarials, such as artemisinin, is becoming an
increasing concern, and therefore the development of new drugs with novel
targets is critical for effective malaria treatment. Many of the topline anti-
malarial drugs work in part by overwhelming the parasite stress response.
In eukaryotes, the oxidative stress response machinery includes antioxidants,
such as glutathione and superoxide dismutase, as well as SUMOylation.
SUMOylation is a post-translational modification that involves the covalent
attachment of small ubiquitin-related modifiers (SUMOs) to proteins and
is essential for normal cell growth and division. SUMO modification can
lead to novel protein-protein interactions, as well as changes in substrate
localization and/or function. The SUMOylation pathway has been identified
in the human malaria parasite, Plasmodium falciparum (Pf), however its
role in the parasite and distinction from its human counterpart is still
poorly understood. Using biochemical and biophysical studies, we demon-
strated that human and Pf systems have distinct E1-E2 enzyme interactions,
and our structural studies highlighted regions of the E1-E2 interaction
domain that could be used to guide the development of parasite-specific inhib-
itors. We hypothesize that, like in other eukaryotes, SUMO plays an
important role in parasite cell stress survival, and that parasite specific
SUMOylation inhibitors could prove effective in combination with current
anti-malarial drugs that work in part by overwhelming parasite stress response
pathways.
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Understanding E2 Mechanism using NMR
Emily A. Todd, Douglas R. Putney, Christopher E. Berndsen,
Nathan T. Wright.
Chemistry and Biochemistry, James Madison University, Harrisonburg,
VA, USA.
The ubiquitination pathway controls human cellular processes such as cell
cycle division, DNA transcription and repair, and immune responses. In these
processes, ubiquitin is covalently attached to a substrate protein by the com-
bined efforts of an E1 activating enzyme, an E2 conjugating enzyme, and an
E3 ubiquitin ligase. We are concerned with investigating the catalytic mecha-
nism of ubiquitin transfer onto the substrate protein. We specifically want to
understand how the structure of Ubc13 helps with catalytic activity. The struc-
ture of yeast Ubc13, an E2 conjugating enzyme, has been solved using nuclear
magnetic resonance (NMR). The study of the structure of Ubc13 compared to
that of Ubc13 bound to ubiquitin in the active site will show the changes in the
active site upon binding. Through the use of transition state mimics of ubiquitin
conjugating reaction we will completely describe how Ubc13 stabilizes the
ubiquitination conjugation pathway.
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Protein Splicing: Regulation by Temperature and Oxidation State of
Non-Canonical Inteins
Kenneth Mills, Julie Reitter, Michael Nicastri, Kathryn Colleli,
Jennie Williams.
Department of Chemistry, Holy Cross, Worcester, MA, USA.
Protein splicing is the post-translational process by which an intein, or inter-
vening protein, catalyzes its own excision from the flanking polypeptides, or
exteins, concomitant with extein ligation. We have shown that protein splicing
can be regulated by the oxidation state of a disulfide bond between two Cys res-
idues involved in the splicing reaction, and that this link of oxidation state to
activity can serve as a biosensor. The unusual stability of a pair of related in-
teins from thermophilic archaebacteria has allowed for structural study and
analysis of the kinetics of each step of splicing in vitro. An NMR solution struc-
ture of a thermophilic intein reveals a particularly rigid structure, a disordered
loop that influences activity and is absent in a highly similar intein, and a
b-hairpin specific to inteins from archaebacteria.
This material is based upon work supported by the National Science Founda-
tion under grant MCB-1244089 and by the Camille and Henry Dreyfus
Foundation.145-Plat
Dynamics of a Naturally Hidden State Restricts Adenylate Kinase Activity
Magnus Wolf-Watz, Michael Kovermann.
Chemistry, Universitry of Umea˚, Umea˚, Sweden.
Enzymes are extraordinary biocatalysts that accelerate chemical reactions by
performing several complex tasks simultaneously including; (1) binding of sub-
strates weakly enough to avoid thermodynamic pits; (2) extremely tight binding
to the transition state compound; (3) activation of functional groups on the
substrate(s) and (4) dehydration of active sites. These tasks are often associated
with conformational changes and therefore conformational dynamics is by defi-
nition crucial for enzymatic function. An emerging paradigm in enzymology is
that dynamically accessed transient high-energy structural states are funda-
mental entities for enzymatic reaction cycles. These high-energy or ‘‘invisible’’
states are not possible to study directly at atomic resolution with existing spec-
troscopic techniques because their low relative populations and residence times.
Here, we have been able to cool down the rate of conformational dynamics of an
adenylate kinase (AK) variant to the extent that a high energy ligand-bound
state becomes directly observable with solution state NMR spectroscopy. It
was found that the catalytic activity of the enzyme is restricted by the dynamic
interconversion between the high energy state and a low energy ground state. In
complete agreement with the presented catalytic model is was found that the
energetic barrier for the catalytic function, as probed with a functional assay,
is of the same magnitude as the barrier for conformational dynamics. Our
work shows that it is possible to tune the rate constants of conformational
dynamics resulting in a predictable perturbation of the enzymatic activity.
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Functional Unfolding in E. coli Adenylate Kinase
Jeremy A. Anderson1, Vincent J. Hilser2.
1Biophysics, Johns Hopkins University, Baltimore, MD, USA,
2Biology, Johns Hopkins University, Baltimore, MD, USA.
It has become increasingly clear that proteins have evolved for their entire
energy landscape including excited states that are important for their biological
functions. However, excited state conformations are difficult to study due to
their low population and transient nature. One such excited state has been sta-
bilized in E. coli adenylate kinase (AK) using an entropy-enhancing mutation
scheme. Mutating solvent exposed residues from valine to glycine has prefer-
entially stabilized a locally unfolded (LU) excited state in the LID domain of
AK while maintaining the same ground-state structure. Nuclear magnetic reso-
nance (NMR) measurements of these variants demonstrate direct evidence of
the LU state and verify previous thermodynamic data. Furthermore, NMR
relaxation dispersion experiments give access to the kinetics of the local un-
folding transition, which in conjunction with entropy-enhancing variants that
modulate the enzymatic activity of AK, should allow insight into the protein
dynamics that drive enzymatic activity. These studies illuminate the ensemble
nature of the native state and provide insight on how conformational excursions
can tune biological activity in other systems.
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Propogation of the Allosteric Signal in Bacillus Stearothermophilus
Phosphofructokinase Examined by Methyl-TROSY NMR
Amy M. Whitaker, Mandar T. Naik, Gregory D. Reinhart.
Biochemistry and Biophysics, Texas A&M Univ, College Station, TX, USA.
Phosphofructokinase from Bacillus stearothermophilus (BsPFK) is a 136 kDa
homotetromeric enzyme. Binding of the substrate, fructose 6-phospate (F6P),
is allosterically regulated by the K-type inhibitor phospho(enol)pyruvate
(PEP). The allosteric coupling between substrate and inhibitor is quantified
by an equilibrium constant of the reaction between F6P-bound and PEP-
bound complexes forming the apo form and ternary complex. Methyl-
TROSY NMR was employed to gain structural information on BsPFK in all
four states of ligation that are relevant to the allosteric coupling. BsPFK was
uniformly labeled with 15N and 2H and specifically labeled with d-[13CH3]-
isoleucine using an isotopically-labeled a-keto butyric acid precursor.
Methyl-TROSY experiments were conducted on BsPFK in all four ligation
states, and all 30 isoleucines, which are well dispersed throughout each subunit
of the enzyme, are well resolved in chemical shift correlation maps of 13C
and 1H. These spectral maps reveal several cross peaks with chemical shifts
unique to each state of ligation indicating unique structures for each enzyme
form. Apo BsPFK and F6P-bound BsPFK spectra exhibit only small differ-
ences compared to the PEP-bound BsPFK spectrum, which contains numerous
dissimilar peaks. Additional distinct peaks, not seen in any other spectra,
are present in the spectrum of the ternary complex. Assignments of all 30
isoleucines were determined through 3D HMQC-NOESY experiments with
[U-15N,2H];Iled1-[13CH3]-BsPFK and complementary HNCA and HNCOCA
Sunday, February 8, 2015 31aexperiments with [U-15N,2H,13C]-BsPFK. The assignments allowed for the
mapping of peaks representing isoleucine residues onto the crystal structure.
This analysis has allowed specific regions of the enzyme involved in the bind-
ing of allosteric ligands and the propagation of the allosteric effect to be iden-
tified. Funding: NIH-GM33216, NIH-CBI, Welch-A1543.
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Microsecond-Resolution Recording of T4 Lysozyme Observes a Brownian
Ratchet
Maxim V. Akhterov1, Yongki Choi2, Tivoli J. Olsen3, Patrick C. Sims1,
Mariam Iftikhar3, O. Tolga Gul1, Brad L. Corso1, Gregory A. Weiss3,
Philip G. Collins1.
1Department of Physics and Astronomy, University of California, Irvine,
Irvine, CA, USA, 2Department of Physics, North Dakota State University,
Fargo, ND, USA, 3Department of Chemistry, University of California, Irvine,
Irvine, CA, USA.
Single-molecule techniques can monitor the kinetics of transitions between
enzyme open and closed conformations, but such methods usually lack the res-
olution to directly observe the underlying transition pathway or any intermedi-
ate conformational dynamics. We have recently described a single-molecule
electronic technique that breaks this barrier (1-3). Using a 1 MHz-bandwidth
carbon nanotube transistor, the transition dynamics of T4 lysozyme have
been recorded with microsecond resolution. We directly resolve a smooth,
continuous transition with an average duration of 37 microseconds that sug-
gests a concerted mechanism for glycoside hydrolysis. Unexpectedly, the me-
chanical closing and re-opening of the enzyme have identical distributions of
transition durations, and the motions do not depend on whether the enzyme
is in its catalytic or non-productive state. These results illustrate the principle
of microscopic reversibility applied to a Brownian ratchet, with lysozyme
tracing a single pathway for closing and the reverse pathway for enzyme open-
ing, regardless of its instantaneous catalytic productivity.
1. Y. Choi, et. al., ‘‘Single-Molecule Lysozyme Dynamics Monitored by an
Electronic Circuit,’’ Science 335, 319 (2012).
2. T.J. Olsen, et. al., ‘‘Electronic Measurements of Single-Molecule Processing
by DNA polymerase I (Klenow fragment),’’ JACS 135, 7855 (2013).
3. P.C. Sims, et. al., ‘‘Electronic Measurements of Single-Molecule Catalysis
by cAMP-Dependent Protein Kinase A,’’ JACS 135, 7861 (2013).
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Human Neuraminidase Enzymes alter the Lateral Mobility and Function
of Integrin Receptors
Christopher W. Cairo.
Chemistry, University of Alberta, Edmonton, AB, Canada.
Glycolipids and glycoproteins are important components of membrane struc-
ture. Mechanisms which alter the structure of glycans at the membrane could
influence cellular responses. For example, by removing an important binding
epitope or else by unmasking a new one, protein-glycan interactions may be
disrupted or reinforced. Our group has been working to understand the role
of human neuraminidase enzymes (hNEU) in regulating cellular adhesion
and migration through integrin receptors. Of the four hNEU isoenzymes, three
have activity at the plasma membrane and lysosome; thus, these enzymes could
regulate the composition of the plasma membrane by stripping neuraminic acid
(Neu5Ac; also known as sialic acid) from membrane glycans. Using recombi-
nant enzymes and selective hNEU inhibitors developed within our group, we
can selectively probe increased or decreased activity of individual isoenzymes
in vitro; allowing us to test the effect of specific enzymes. Previous studies have
suggested that integrin-mediated adhesion may be altered through hNEU activ-
ity. We measured the lateral mobility of integrins in cells treated with NEU3
and NEU4 using single-dye tracking (SDT) by total-internal-reflection fluores-
cence microscopy (TIRF). We find that hNEU can dramatically change the
diffusion of integrin receptors, and that the effect is dependent on the cell
type and the isoenzyme used. Adhesion and cell migration assays of cells
treated with chemical inhibitors of the enzymes reveal that hNEU activity is
intimately involved in the regulation of integrin adhesion to their native li-
gands. We will present lateral mobility and cell migration assays with enzyme
and inhibitor conditions. Our results suggest an important role for hNEU as reg-
ulators of membrane composition and the activity of adhesion receptors.Platform: Membrane Dynamics
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Nothing to Sneeze at: A Full-Scale Computational Model of the Human
Influenza Virion
Tyler Reddy1, David Shorthouse1, Daniel Parton2, Elizabeth Jefferys1,
Philip W. Fowler1, Matthieu Chavent1, Marc Baaden3, Mark S.P. Sansom1.1SBCB Unit, Biochemistry, University of Oxford, Oxford, United Kingdom,
2Memorial Sloan Kettering Cancer Center, New York, NY, USA, 3Institut de
Biologie Physico-Chimique, Paris, France.
Tackling the ongoing challenge of influenza infectivity would benefit greatly
from a molecular understanding of why the influenza A virion exhibits seasonal
patterns of infectivity and has wide-ranging survival times in different environ-
ments. A computational approach to the study of the behaviour of the virion
that focuses on the poorly-understood structural and dynamic role of the lipids
is presented here. We have combined experimental data from X-ray crystallog-
raphy, NMR spectroscopy, cryoelectron microscopy, and lipidomics to build a
full-scale computational model of the influenza A virion. This represents the
first set of microsecond-scale molecular dynamics simulations of an enveloped
virion in explicit solvent that we are aware of. We report results for a set of
simulations at different temperatures and with varying lipid compositions.
The Forssman glycolipid, which is prevalent in the influenza A lipidome, influ-
ences several biophysical characteristics of the virion model, including diffu-
sion and clustering of proteins and lipids. The distribution of peplomers on
the virion surface is consistent with accessibility to bivalent antibodies. The
distances of binding sites for host cell sialic acid-containing receptors have
been analyzed in the virion model for a variety of planar host cell membrane
attack orientations. The relatively rigid membrane of the influenza A virion
model exhibits a number of biophysical properties consistent with experimental
measurements, and may serve as a useful platform for in silico assessment of
virion behaviour.
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Role Of Membrane-Bending Proteins as Membrane Tension Sensors in
Cell Migration
Toshiki Itoh.
Biosignal Research Center, Kobe University, Kobe, Japan.
The plasma membrane (PM) tension has emerged as a key regulator for funda-
mental cellular functions. However, a missing link between PM tension and
biochemical reaction precludes our understanding of how PM tension is
coupled to cellular events like directed migration. We found that FBP17, an
F-BAR domain protein, acts as a membrane tension sensor that organizes
cell polarity during cell migration. The mechanism is based on membrane-
bending activity of the F-BAR domain that is counteracted by PM tension.
Because FBP17 binds and activates WASP/N-WASP to promote actin poly-
merization, it corresponds to the local activator of actin polymerization in
the feedback loop regulated by PM tension for self-organized formation of
the leading edge. These findings provide an important mechanistic insight
into cell migration underpinning a wide variety of physiological events such
as development, immune response, and cancer metastasis.
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Experiment and Simulation Reveal the Bending Properties of Nanoscopic
Lipid Domains
Jonathan D. Nickels1, Michael Ohl2, Xiaolin Cheng1, Christopher Stanley3,
Frederick Heberle3, Robert Standaert1, John Katsaras1.
1Oak Ridge National Lab/Univ. of Tennessee, Knoxville, Oak Ridge, TN,
USA, 2Oak Ridge National Lab/ Julich Center for Neutron Science, Oak
Ridge, TN, USA, 3Oak Ridge National Lab, Oak Ridge, TN, USA.
There has great interest in studying themechanisms that support nanoscopic lipid
domain size usingmodelmixtures. To date, experimental studies have focused in
large part on structural parameters such as thickness mismatch between phases,
lacking access to mechanical properties in direct, experimental ways. The
Neutron Spin Echo technique can directly measure the bending modulus of
such bilayers systems by observing shape fluctuations. Furthermore, thismethod
permits us to utilize hydrogen-deuteriumcontrastmatching tomakedirect obser-
vations of the mechanical properties of nanoscopic domains themselves.
I will present results detailing for the first time the bending modulus of an in-
dividual lipid domain. We have also measured both the structural and mechan-
ical properties of each pure phase compositions of the three component lipid
mixture which spontaneously forms these domains. Our results demonstrate
that the liquid-ordered phase is more rigid than the liquid disordered phase.
Interestingly, the value of the bending modulus in vesicles where these phases
coexist as nanoscopic domains approaches that of the liquid ordered-phase,
whereas our sample contrast matched so that we only probe the disordered
phase in the coexisting system have a bending modulus similar to what is
seen in the liquid-disordered only system. We analyze our results with the
help of all atom MD simulations which accurately reproduce the structural
properties of our system and agree with the trend in mechanical properties
that we observe experimentally. These results have implications in deter-
mination of important properties such as the line tension which may drive
domain size.
